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Abstract
We have investigated the neutrino induced coherent pion production reaction at low and interme-
diate energies including pion, nucleon and ∆(1232) resonance. Medium effects in the production
mechanism and the distortion of the pion wave function are included in the calculation. We find
a strong reduction of the cross section due to these effects and also substantial modifications in
the energy distributions of the final pion. The dependence on the atomic number is discussed.
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The study of weak coherent pion production in charged current (CC) ν + A → l− +
π++A and neutral current (NC) ν+A→ ν+π0+A processes is in the agenda of several
current and future experiments. The NC reaction is particularly important as a source of
background in νe appearance oscillation experiments. Earlier measurements on different
nuclei are available at Eν > 2 GeV (see Ref. [1] for a compilation). These data are well
described with models based on PCAC extrapolated to q2 6= 0 [2,3]. The only nuclear
medium effect considered, pion distortion, is taken into account by factorizing the pion-
nucleus elastic cross section (c.s.). However, at lower energies, K2K (〈Eν〉 = 1.3 GeV),
finds a significant deficit of muons in the forward scattering events with respect to the
simulations, which has been interpreted as due to an overestimation of CC coherent π+
production [4]. Meanwhile, the MiniBooNE NC π0 data set is under analysis.
We have performed a theoretical study of neutrino induced coherent pion [5,6] produc-
tion extending and improving the calculations of Kelkar et al. [7] and Singh et al. [8].
The relativistic amplitude is built in terms of the relevant hadronic degrees of freedom.
Besides the dominant direct ∆ excitation, this model includes the crossed ∆ and nucleon-
pole terms, all of them represented in Fig. 1. There are other contributions allowed by
chiral symmetry [9] but they cancel for isospin symmetric nuclei, so we neglect them.
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Fig. 1. Elementary mechanisms for coherent pion production on isospin-symmetric nuclei
The cross section is given by
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where (Eν , ~k), (E
′, ~k′) and (ωpi, ~ppi) are the 4-momenta of the incoming neutrino, outgo-
ing lepton and outgoing pion respectively; lµ = u¯l′(k
′)γµ(1 − γ5)uν(k) is the standard
leptonic current. The nuclear current JµA is obtained as the coherent sum over all nu-
cleons, performed in the framework of a local Fermi gas. Detailed expressions of JµA for
all four mechanisms can be found in Ref. [6]. The single-nucleon contributions to the
current are parametrized in terms of vector and axial form factors (FF). The vector FF
are related to the electromagnetic ones and can be extracted from electron scattering
data. The axial FF are usually constrained by means of PCAC.
As can be seen from the comparison of the two dashed lines in Fig. 2, the direct ∆
excitation mechanism accounts for most of the c.s. at Eν ∼ 1 GeV. Actually, the crossed
∆ amplitude is very small, and there is a cancellation between the direct and crossed
pole-nucleon ones. This implies that, with high accuracy, σ ∝
[
CA5 (0)
]2
because this
is the only FF that contributes at q2 = 0, where most of the strength of the coherent
reaction is concentrated. Here we use CA5 (0) = 1.2 [10], in agreement with the off-diagonal
Goldberger-Treiman relation, but a recent phenomenological analysis [9] of ANL data,
as well as lattice [11] and quark model [12] calculations suggest a smaller value.
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Fig. 2. Pion momentum distribution.
0.85 0.90 0.95 1.00
0
1
2
 
 
d
/d
co
s(
) [
10
-3
8  c
m
2 ]
cos( )
 Full calculation at 1 GeV
 Impulse approximation rescaled
Fig. 3. Muon angular distribution.
The ∆ properties are strongly modified inside the nuclear medium. We take this into
account by adding a density dependent selfenergy and modifying the free width in the
∆ propagator. This modification reduces the c.s. by around 35 %. Unlike the incoherent
case, where a semiclassical treatment of pion final state interactions is required [13], now
2
the nucleus remains in its ground state, so a realistic quantum treatment of pion distor-
tion can be achieved by solving the Klein-Gordon equation with a microscopic optical
potential Vˆopt [14,15] based on the ∆-hole model. Pion distortion further decreases the
c.s. and moves the peak to lower energies. This reflects the presence of a strongly absorp-
tive part in Vˆopt around the ∆ peak. The eikonal approximation fails at ppi < 400 MeV/c,
where a better treatment of the pion wave function is required. The angular distribution
of the emitted muons remains relatively unaffected by these nuclear corrections, as can
be seen in Fig. 3 where we compare our model with the impulse approximation, rescaled
to match the full calculation at zero degrees.
We have also investigated the dependence of the c.s. on the atomic number. In the im-
pulse approximation, taking into account the isospin factors, one finds that the amplitude
is proportional to an effective number of participants defined as P=Z+N/3; here Z and
N are the number of protons and neutrons respectively. This could suggest a quadratic
dependence of the cross section on P. However, our full model exhibits a different trend.
The P dependence is quenched for two reasons. First, the strong pion absorption forces
the reaction to be peripheral. Second, the nuclear form factor is narrower for heavy nuclei,
and reduces more the contribution from high momentum transfers.
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Fig. 4. Total cross section as a function of the effective number of participants P=Z+N/3
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